Purpose The current study investigated whether the combined effects of soy intake and genetic polymorphisms of interleukin (IL) genes modify gastric cancer risk.
Introduction
Gastric cancer is the fifth most commonly diagnosed cancer worldwide [1] . The incidence rates of gastric cancer are the highest in East Asian countries, including Korea [2] . In Korea, gastric cancer is the second most common type of cancer, although a gradual decline in incidence has been noted, with annual changes of -0.6% occurring between 1999 and 2013. For Korean males, the incidence of gastric cancer is the highest among all types of cancer [3] .
Gastric inflammation is a prerequisite for the development of gastric cancer in the multistage model of gastric carcinogenesis [4] . One of the main risk factors for gastric cancer is Helicobacter pylori infection, which has been classified by the International Agency for Research on Cancer as "carcinogenic to humans (Group 1)" [5] . H. pylori infection causes a chronic gastric inflammatory response and oxidative stress with a high chance of bacterial proliferation in the stomach that leads to diverse clinical outcomes in humans (e.g., gastritis, peptic ulcers, and gastric cancer) [6] . It has been recognized that gastric adenocarcinomas have frequently been found in areas of inflammation in which chronic H. pylori progresses over time [7] . However, clinical outcomes may differ depending on both genetic (intrinsic) and environmental (extrinsic) factors such as genetic variability of the H. pylori strain, genetic background of the infected host with different ethnic groups, and diversity of the diet or lifestyle [6, 8] . Specifically, the inflammatory response can be induced by the virulence properties of H. pylori pathogenicity and by the genetic predisposition of inflammatory cytokines related to host immunity [9] . The cytokines encoded by the interleukin (IL) genes are thought to contribute to induction of the precancerous stage of gastric atrophy by regulating immune responses and gastric acid secretion and by inhibiting H. pylori infection [10] . Additionally, the dietary consumption of specific foods and their active constituents may impact the progression of gastric inflammation and carcinogenesis [11] . Among diverse foods consumed abundantly in Asian diets, soy products have been reported to have anti-inflammatory properties, and previous studies have confirmed that high soy consumption may reduce the risk of gastric cancer [12] .
In this context, gastric cancer is believed to be affected by various factors, including genetic susceptibility, cultural diversity, ethnicity, sex, and other environmental influences, such as diets that differ among geographic regions [13] . The present study was conducted to investigate whether the combined effect of dietary soy consumption and inflammationrelated genetic polymorphisms (IL10, IL2, IL13, and IL4R) alters gastric cancer risk.
Materials and Methods

Study participants and data collection
The study subjects were recruited for a gastric cancer research project of the National Cancer Center (NCC), Korea between March 2011 and December 2014. The patients, who were diagnosed with early-stage gastric cancer three months prior to recruitment, were defined as the cases. Patients diagnosed with other cancers within 5 years, advanced gastric cancer, diabetes mellitus, severe systemic or mental disease, women who were pregnant or breastfeeding, and patients who stated that they had changed their dietary pattern due to illnesses were excluded. The controls of this study were recruited among individuals who visited the Center for Cancer Prevention and Detection at the same hospital as the beneficiaries of the National Health Insurance program, were in attendance to receive health examinations, and agreed to participate in the study. Individuals with a history of cancer, diabetes mellitus, gastric ulcers, and H. pylori treatment in the control group were excluded. Participants were asked to complete a set of self-administered surveys to obtain information regarding the demographics, medical history, lifestyle, and dietary intake habits. The frequency of cases and controls were matched for gender and 5-year age distributions. A total of 377 gastric cancer cases and 754 healthy controls for whom data on soy product intake and genetic characteristics were available were included in this study, and all of the participants were of Korean origin (Fig. 1 ). The infection status of H. pylori was evaluated using the rapid urease test (Pronto Dry, Medical Instruments Corp., Solothurn, Switzerland) and a histological/serological assessment. All of the participating subjects provided written informed consent, and the study protocol was approved by the Institutional Review Board of the National Cancer Center (NCCNCS 11-438).
Dietary measurement
Individuals were asked to complete a semi-quantitative food frequency questionnaire [14] consisting of 106 food items to obtain information regarding regular dietary intake habits from the past 12 months (participants were asked about the average frequency of intake and portion size of specific foods to assess their regular intake during the previous year using the validated food frequency questionnaire). The soy food items measured were legumes, tofu, soymilk, sprouts, and doenjang (Korean traditional fermented soybean paste and soybeans), and the intake amount of each item was calculated using CAN-PRO 4.0 (Computer Aided Nutritional Analysis Program, The Korean Nutrition Society, Seoul, Korea). The isoflavone intake level from the five types of soy food consumption was estimated using the Korean Isoflavone database [15] .
Genotype measurement
Genomic DNA was extracted using peripheral blood leukocytes isolated from whole-blood samples obtained from the participants. The Affymetrix Axiom Exom 319 Array (Affymetrix Inc., Santa Clara, CA) platform, including 318,983 variants, was used for genotyping. Genetic markers with deviation from Hardy-Weinberg equilibrium p-values < 110 -6 , a minor allele frequency (MAF) < 0.01, and a low VOLUME 49 NUMBER 4 October 2017 1045 call rate (< 90%) were discarded. The genotype imputation was performed using the Asian population (n=504) of 1000 Genome haplotypes phase III integrated variant set release GRch37/hg19 (http://www.1000genomes.org/) as a reference panel. Phasing was performed using SHAPIT (v2.r837), and single-nucleotide polymorphism (SNP) imputation was completed using IMPUTE2 (2.3.2). The same quality control criteria were applied after filtering for an INFO score over 0.6. A total of seven variants of IL10, IL2, IL13, and IL4R (rs18-00871, rs2069763, rs2069762, rs6596090, rs20541, rs7205663, and rs1805010, respectively) were selected. The MAFs of all variants were over 0.15, and imputed variants (rs2069762, rs6596090, rs7205663) had an INFO score above 0.95. Detailed information regarding the variants analyzed in this study can be found in S1 Table.
Statistical analyses
The demographics and general characteristics of the study participants were compared between the case and control subjects using the Student's t test for continuous variables and the chi-square test for categorical variables. The dietary variables were adjusted for total daily calorie intake for statistical analysis using the regression residual method [16] . The legume, tofu, soymilk, and sprout intakes were combined to represent nonfermented soy products, and the total soy product intake was calculated by adding all five types of soy foods. Based on the distribution of the control samples, the food intakes were categorized into tertiles for further analysis. Odds ratios (OR) and 95% confidence intervals (CI) of gastric cancer risk were calculated for each soy food group To analyze the combined effects of soy food intake and genetic polymorphism, a low-intake group and a high-intake group for each type of soy food were categorized according to the median intake level of the control group. OR and the 95% CI of each of the stratified groups were estimated, and the interactions between soy products and SNPs were analyzed by a likelihood ratio test, where the multiplicative interaction term of the genetic polymorphism and soy food intake was added to the logistic regression model. The cases and their individually matched controls were stratified by histological type and the interactions between nonfermented soy product intake and IL polymorphisms were further analyzed. All of the statistical analysis was performed using SAS ver. 9.3 (SAS Institute Inc., Cary, NC). Adjusted for total daily calorie intake. 
Results
Daily intakes (g/day) of total soy products, legumes, and sprouts and isoflavone levels (mg/day) were higher in the control group. There were no age or gender differences between the cases and controls because the participants were matched for frequency. The cases had a higher proportion of H. pylori infection, nonregular physical exercisers, and current smokers and a lower proportion of college graduates ( Table 1) .
Male individuals with the highest tertile total soy product intake had a lower risk for gastric cancer than the lowest tertile group (OR, 0.64; 95% CI, 0.43 to 0.95) in the crude model, but the association was null in the fully adjusted model. A higher intake of nonfermented soy products was associated with reduced cancer risk in the total population (OR, 0.62; 95% CI, 0.42 to 0.89), and the reduced risk was only apparent in males (OR, 0.44; 95% CI, 0.27 to 0.71). However, a higher intake of legumes, which is a subgroup of nonfermented soy, was associated with reduced gastric cancer risk in the total population (OR, 0.67; 95% CI, 0.47 to 0.96) and in females (OR, 0.40; 95% CI, 0.21 to 0.73). Soymilk intake was also inversely associated with gastric cancer risk, but a protective effect of isoflavone was only observed in males ( Table 2) . None of the interleukin genetic polymorphisms examined in this study were independently associated with all-type gastric cancer risk (Table 3) ; however, increased diffuse-type gastric cancer risk was observed for IL2 rs2069763, and IL13 rs6596090 was associated with mixed-type gastric cancer (S2 Table) .
A higher intake of nonfermented soy food among individuals with the C allele of rs2069762 displayed a significant association (OR, 0.46; 95% CI, 0.31 to 0.68), whereas OR was estimated as 0.84 (95% CI, 0.54 to 1.29) among AA homozygotes. The interacting effects for IL2 rs2069762 and nonfermented soy product intake were significant (pinteraction=0.039). Several protective effects of nonfermented soy intake were observed for groups stratified by other remaining interleukin SNPs, but no significant interaction was observed. When the effect was assessed according to histological type of cancer, stronger evidence of an interaction between nonfermented soy intake and rs2069762 was observed for intestinal-type gastric cancer (pinteraction=0.001). A possible interaction between nonfermented soy food and IL10 rs1800871 was also observed for intestinal-type gastric cancer (pinteraction=0.033). No significant interaction was found for diffuse-type, and there was evidence of a marginal interacting effect between nonfermented soy products and IL13 rs20541 (pinteraction= 0.050) for mixed-type gastric cancer (Table 4) . No apparent interaction was observed for total soy, isoflavone, and fermented paste when stratified by IL genetic variants (S3 Table) . Adjusted by education, alcohol consumption, smoking status, Helicobacter pylori infection, and regular exercise.
The association between soy product intake, IL genetic polymorphism, and gastric cancer risk was further analyzed after stratification by H. pylori infection status (S4 Table-S6 Table) . For the association with each type of soy product, only the H. pylori positive groups showed a protective association with nonfermented soy products, legumes, soymilk, and isoflavone, which is consistent with the association results for the total study population. However, uninfected individuals did not display any significant association after adjustment for covariates. Additionally, when the effect of IL genetic polymorphisms was analyzed, IL2 rs2067962 had a significant relationship with the disease among members of the H. pylori infection-negative group (OR, 2.88; 95% CI, 1.14 to 7.26).
Discussion
Our findings demonstrate that the dietary intake of nonfermented soy food items was associated with a decrease in gastric cancer risk, whereas there was no independent association between IL genetic polymorphisms and intestinaltype gastric cancer in contrast to the associations observed for diffuse-type and mixed-type gastric cancer risk. Among individuals with higher intake of nonfermented soy products, only those carrying the minor allele C of IL2 rs2069762 showed a protective effect of soy against gastric cancer risk compared to individuals with different genetic characteristics. This trend was more apparent for intestinal-type gastric cancer risk than diffuse-type.
Gastric cancer is a common diet-related cancers with an etiology that can be explained based on differences in environmental risk factors. Diet has been regarded as a complex environmental factor, with diversity in the common diets of each culture due to different major food sources, cooking or storing methods, and recipes [11] . Soy products are abundantly used in Korean dishes, and soybeans and soybeanderived foods are a rich source of bioactive phytochemicals with anti-inflammatory or anti-cancer activity in different types of carcinogenesis [17] . Our study demonstrated that consumption of nonfermented soy, including legumes and soymilk, was associated with a significant decrease in gastric cancer risk. However, there was no evidence of an association between gastric cancer risk and the intake of fermented soy products, such as soybean paste, which is frequently used in Korean recipes and known to have a high salt content. According to a comprehensive literature review published by the World Cancer Research Fund and the American Institute for Cancer Research [18] , salted and salty foods are "probable" factors that increase the risk of gastric cancer, and soy products are classified as "limited suggestive" foods to decrease gastric cancer risk. Recommendations suggest that the dietary intake of nonfermented soy products may provide greater preventive effects against gastric cancer than the IL4R rs1805010 [4, 19] . Soy is well known as a beneficial food containing phytochemicals (e.g., isoflavone) that have anti-inflammatory and anti-oxidative effects. Phytochemicals generated in plants may overcome inflammation and infection by immune modulation through its components [20] . Specifically, soy is known to potentiate immunological functions of lymphocyte proliferation, cellular and humoral immune responses, thymocyte differentiation, and tumor immunity [21] . We expected that soy isoflavone would benefit individuals by inhibiting the progression of inflammation and gastric carcinogenesis through the anti-carcinogenic properties of phytochemicals (e.g., phytoestrogens) [22] . Our findings demonstrate that the intake of soy isoflavone is associated with a decrease in gastric cancer risk, particularly in males, whereas there was no association of risk in females. Moreover, reduced gastric cancer risk was shown in females consuming legumes, although no association was observed in males. Further studies are required to support the role of soy phytochemicals as phytoestrogens in association with gastric cancer and to reveal the related biological mechanism, gender difference, and genetic susceptibility. Genetic variants encoding cytokines may influence an individual's inflammatory response and health or clinical outcomes [4] . Genetic polymorphisms of cytokines have been associated with variations in the level of transcription and expression of cytokines that can exert activities in human diseases [23] . Many candidate gene studies have been conducted, and the results have indicated that polymorphisms in cytokine genes influence the susceptibility to gastric cancer and clinical outcomes (e.g., the course, symptoms, and treatments related to gastric cancer) [23, 24] . Cytokine production generated by immune and inflammatory cells is one of the major tumor-promoting mechanisms. Cytokines can have either pro-or anti-inflammatory activity and may be involved in immunomodulatory activity depending on the microenvironment [24] . The immunomodulatory response is served by the balance between anti-inflammatory cytokines (e.g., IL4, IL10, and IL13) and pro-inflammatory cytokines (e.g., IL2) [25] . With regard to gastric cancer, cytokine polymorphisms of the host are the most studied risk factor and result in an increased risk of gastric cancer by decreasing the anti-inflammatory host reaction or increasing the pro-inflammatory response [26] . We hypothesized that the risk for gastric cancer may be modified by IL genetic variations, which result in differences in immunomodulatory activity among individuals. Independent risk associations between IL polymorphisms and intestinal-type gastric cancer were not observed in this study, but an association between IL2 rs20-69763 and diffuse-type gastric cancer risk was observed. Different effects of IL genetic polymorphisms for different histological types of gastric cancer are anticipated since the etiology of cancer development is diverse [7, 27] . Diffuse-type gastric cancer is more closely associated with genetic susceptibility, whereas environmental factors, such as lifestyle and dietary patterns, reportedly have a greater influence on intestinal-type gastric cancer [27, 28] . In addition, the genetic susceptibility to immune responses may be a strong risk factor for the development of gastric cancer among individuals without H. pylori infection.
GG
A suggestive interaction was detected between nonfermented soy intake and IL2 polymorphism (rs2069762) for gastric cancer risk, especially for intestinal-type. The IL2 gene is an important cytokine family member that plays a critical role in carcinogenesis through the proliferation of activated T lymphocytes and participates in termination of the lymphocyte response by inducing suppressive T cells [29] . The IL2 gene polymorphism, which is associated with an increased risk of gastric atrophy induced by H. pylori infection, might predispose individuals to gastric cancer [10] . Previous studies have investigated the association between rs2069762 polymorphism and cancer risk, but the results remain controversial [10, 29] . We found a suggestive interactive effect between by rs2069762 and nonfermented soy consumption on intestinal-type gastric cancer risk, which suggests a possible interactive role between soy phytochemicals and the pro-inflammatory properties of IL2 cytokines. No previous epidemiological studies have examined the effects of the interaction between soybean product intake and IL2 genetic variants on modification of gastric cancer risk, which is one of the strengths of this study. rs1800871 of IL10 also showed a suggestive interacting effect with nonfermented soy product intake on intestinal-type gastric cancer risk, which confirms the results of a previous study that examined the interactive effect between soy and IL10 [30] and suggested a possible interaction between the anti-inflammatory properties of cytokines and soybean products. Further epidemiological and experimental studies are required to support this unclear interactive effect.
It should be noted that this study has several strengths and limitations. The dietary data used in the analysis were more robust than those employed in previous studies focusing on the interactive effect between soy consumption and inflammatory genes with regard to gastric cancer risk. In addition, the dietary data included various types of soy products that were all quantitatively comparable (e.g., g/day), whereas similar studies utilized dietary data that represented only the frequency of intake (e.g., times per week). Although the dietary data including detailed soy items strengthened this study, recall or reporting bias may be present. Thus, this study was limited with regard to representing changes in dietary or lifestyle habits due to illness (whether the change preceded of followed illness). Additionally, our statistical p-values were not significant if a strict multiple comparison adjustment was applied. Nonetheless, our findings imply a suggestive interaction between soy intake and IL2 genotypes.
In conclusion, our study of a Korean population suggested that the interaction between IL2 rs2069762 and nonfermented soy intake may modify the risk of gastric cancer. The findings of this study suggest that an interaction between a variant of the IL2 gene and phytochemicals in nonfermented soy products has a preventative effect on gastric cancer, and that this observation may support the promotion of dietary intervention against gastric cancer on the basis of potential geneenvironment interactions. Further studies are required to replicate the results and to clarify the corresponding biological mechanisms involved in gastric carcinogenesis.
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